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INTRODUCTION 


A  concern  in  accepting  an thropome t r leal  1 y  extreme 
personnel  for  US  Army  aviation  training  is  their  f ield-of-view 
inside-  and  ou t s ide- the-cockp i t .  Anthropome t rical 1 y  extreme 
personnel  in  the  1st  to  5th  percentile  for  male  stature 
(McConville  (ijt  a^.*  ,  1977  )  may  sit  too  low  in  the  cockpit  while 
personnel  in  the  95th  to  99th  percentile  for  male  stature  may 
sit  too  high  in  the  cockpit.  Sitting  too  low  in  the  cockpit 
may  result  in  an  outslde-the-cockpit  downward  viewing  angle 
that  is  unacceptable  for  safe  flight.  Sitting  too  high  in  the 
cockpit  may  result  in  a  portion  of  the  instrument  panel  being 
obscured  by  the  glare  shield,  unacceptable  viewing  angles  for 
the  upper  Instrument  panel  displays,  or  a  severely  limited 
outside-the-cockpit  upward  viewing  angle. 

In  1969,  DoD  MIL-STD-1333  (Aircrew  Station  Geometry  for 
Military  Aircraft)  defined  an  ideal  position  for  the  eye  in  a 
cockpit.  This  point,  referred  to  as  the  Design  Eye  Position 
(DEP),  is  the  reference  point  used  in  designing  a  cockpit. 

From  the  DEP,  displays  are  located  at  desirable  viewing 
angles,  windows  are  placed  so  that  minimum  upward  and  downward 
outside-the-cockpit  visual  angles  are  attainable  (MIL-STD- 
850B,  Department  of  Defense,  1970),  and  cockpit  controls  are 
positioned  to  accommodate  personnel  in  the  5th  to  95th 
percentile  range  for  stature.  Thus,  the  cockpit  is  designed 
with  the  assumption  that  aviators  will  adjust  the  seat  so  that 
their  eyes  are  at  the  DEP. 

However,  the  existence  of  a  DEP  does  not  mean  that 
aviators  will  adjust  the  seat  so  that  their  eyes  are  at  DEP. 
Moroney  and  Hughes  (1983)  report  that  US  Navy  aviators  sit  as 
high  as  they  can  because  a  large  downward  viewing  angle 
outside  the  cockpit  is  desirable  for  their  missions.  Informal 
conversations  between  combat  experienced  US  Army  aviators  and 
the  authors  revealed  that  Army  aviators  tend  to  lower  their 
seated  eye  position  (SEP)  in  combat  to  obtain  better 
protection  from  enemy  small  arms  fire.  Unfortunately,  no  one 
has  examined  flight  performance  as  a  function  of  SEP  to 
determine  if  performance  is  affected  by  sitting  at  a  position 
other  than  the  DEP. 

If  aviators  flying  aircraft  designed  subsequent  to  1969 
do  not  sit  at  DEP  and  they  pass  their  annual  check  rides,  then 
one  may  assume  that  sitting  at  DEP  is  not  necessary  to  perform 
the  tasks  required  of  aviators.  Consequently,  we  should  not 
be  concerned  primarily  with  the  inability  of  an t h ro pome t r i c a  1 1 y 
extreme  personnel  to  sit  at  DEP.  Instead,  we  should  determine 
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if  the  SEP  of  anthropometrical  ly  extreme  personnel  is 
significantly  different  from  the  SEP  of  aviators.  If  it  is 
not,  we  can  assume  that,  due  to  SEP,  the  performance  of 
anthropomet r ical 1 y  extreme  personnel  should  not  be  any 
different  from  that  of  aviators.  A  similar  logic  applies  to 
aircraft  designed  before  1969,  which  includes  most  Army 
aircraft.  Although  no  DEP  existed  for  these  aircraft,  the  SEP 
position  of  experienced  aviators  must  be  acceptable.  However, 
if  the  SEP  of  an thropome t r ical 1 y  extreme  personnel  is 
significantly  different  than  that  of  aviators,  then  we  cannot 
conclude  anything  about  the  potential  effects  of  their  SEP 
position  on  performance.  To  resolve  this  issue  would  require 
field  trials  that  examine  the  performance  of  aviators  placed 
at  SEPs  occupied  by  an thropome t r ical 1 y  extreme  personnel. 

The  present  study  was  conducted  to  determine  if  personnel 
in  the  1st  to  5th  percentile  range,  or  95th  to  99th  percentile 
range  for  male  stature,  have  a  SEP  that  is  significantly 
different  from  that  of  aviators.  In  aircraft  designed  after 
1969,  the  SEP  of  aviators  was  examined  to  determine  if  they 
sat  or  could  sit  at  the  DEP  of  the  aircraft.  Since  zero 
azimuth,  ou  t  s  ide- the- cocltpl  t  f  ie  1  d-of  -  view  data  readily  was 
available  in  this  evaluation,  it  was  collected  to  determine  If 
aviators  and  anthropome t rical 1 y  extreme  personnel  met  the  zero 
azimuth  upward  and  downward  f ield-of-view  requirements  of 
MIL-STD-8500  (Department  of  Defense,  1970). 


METHOD 


Aircraft:  evaluated 

Seated  eye  height  was  examined  in  six  helicopters  used 
extensively  in  Army  aviation.  These  helicopters  are  listed  in 
Table  1. 


Table  1.  Helicopters  surveyed 


Designation 

Type 

TH-55A 

Traine  r 

0H-58C 

Observation 

UH-1H 

Utility 

UH-60 A 

Utility 

CH-47C 

Cargo 

AH—  1  S 

Attack 

Subjects 

Subjects  came  from  two  military  populations.  One 
population  consisted  of  Army  instructor  pilots  with  a  current 
rating  in  the  aircraft  in  which  they  were  surveyed. 

Throughout  the  this  report,  these  instructor  pilots  will  be 
representing  the  5th  to  95th  percentile  aviator  and  may  be 
alternately  referred  to  as  "aviators.”  The  number  of  aviators 
surveyed  in  each  aircraft  and  their  flight  experience  in  the 
aircraft  in  which  they  were  surveyed  is  presented  in  Table  2. 
An  anthropometric  profile  of  the  instructor  pilots  is  given  in 
Aopendix  A. 


Table  2.  Aviator  sample 


Number 

Mean 

FI ight 

o  f 

flight 

time 

Aircraft 

aviators 

time/ hrs 

range/ hr s 

TH-55A 

14 

2160 

250-12,000 

OH-58  C 

37 

1275 

350-2700 

UH-1H 

38 

1828 

120-4500 

UH-60A 

9 

259 

25-500 

CH-47C 

5 

1660 

300-3000 

AH-  l  S 

24 

1775 

b00-4000 

The  second  sample  of  subjects  consisted  of  18  enlisted 
personnel  of  an t h ro pome t r i ca 1 1 y  extreme  stature  (1st  to  5th 
percentile  and  95th  to  99th  percentile  for  male  stature, 
McConville  a_l_.  ,  19  7  7  ).  Appendix  A  contains  an 

anthropometric  profile  of  these  subjects.  A  statistical 
comparison  of  the  instructor  pilots  to  the  two  groups  of 
an t h ro pome t r ica 1 1 y  extreme  personnel  is  given  in  Appendix  B. 
With  one  exception,  the  mean  seated  eye  height  (vertical 
distance  from  sitting  surface  to  the  outer  corner  of  the  eye) 
of  each  instructor  pilot  group  was  significantly  lower 
(p  <  .05)  than  that  of  the  tall  subjects  they  were  compared 
against  and  significantly  nigher  than  the  short  subjects  they 
were  compared  against.  The  one  exception  was  in  the  case  of 
the  CH-47  instructor  pilots.  Their  seated  eye  height  was  not 
significantly  higher  than  that  of  the  short  subjects  against 
whom  they  were  compared. 

Procedure 

Aircraft  design  eye  height,  as  described  in  MIL-STD- 1  3  3  _>  \ 
(Department  of  Defense,  1976),  is  78.7  cm  above  the  neutral 
seat  reference  point.  The  neutral  seat  reference  point  is  the 
intersection  of  the  seat  back  plane  and  the  seat  pan  plane 
when  the  seat  is  positioned  in  the  middle  of  all  adjustment 
ranges.  Neutral  seat  reference  point  was  determined  by 
depressing  rulers  against  the  seat  pan  and  the  seat  back,  to 
simulate  someone  sitting  in  the  seat,  and  taking  the 
Intersection  of  the  two  rulers  as  the  neutral  seat  reference 
point.  Design  eye  horizontal  position  is  dependent  on  seat 
back  angle.  The  greater  the  seat  back  angle,  the  further 
forward  the  design  eye  horizontal  position  is  from  the  point 
78.7  cm  above  the  the  neutral  seat  reference  point. 

M IL-STD- 1 3 3 3 A  provides  a  table  for  determining  the 

f o r wa rd- re  a r wa rd  location  of  DEP  with  seat  backs  of  various 

angles. 

A  reference  photograph  was  taken  in  each  data  collection 
session.  With  the  pilot  seat  positioned  at  the  middle  of  all 
adjustment  ranges,  a  101.5  cm  by  91.5  cm  cardboard,  marked  off 
in  5.1-cm  grid  squares,  was  cut  to  make  a  template  that  would 
fit  into  the  pilot's  seat.  The  cardboard  template  was 
positioned  in  the  middle  of  the  seat  on  a  plane  corresponding 
to  the  raid8aggital  plane  of  an  aviator.  With  the  reference 
template  taped  securely  in  place,  the  DEP  of  the  aircraft  was 
marked  on  the  template.  Although  aircraft  designed  before 
1969  do  not  have  a  DEP,  the  same  procedure  was  followed  to 
obtain  a  reference  point  from  which  other  measures  could  be 
made.  For  later  use  in  determining  upward  and  downward  visual 
angles,  two  other  points  also  were  marked  that  referenced  the 
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top  of  the  glareshield  and  the  top  of  the  windscreen.  Other  A 
reference  markers  were  placed  around  the  cockpit  to  aid  in  ® 
data  reduction.  The  camera  used  to  photograph  the  reference  j, 
picture  was  equipped  with  a  normal  lens.  It  was  positioned  at  jjj 
the  pilot's  side  of  the  cockpit  such  that  DEP  was  in  the  y 
middle  of  the  picture  and  the  the  entire  cockpit  and  template  S 
would  be  included  in  the  picture.  Positive  transparencies  ^ 
were  made  from  the  negative.  ^ 


After  the  reference  picture  was  taken,  the  template  was 
removed  from  the  cockpit  and  subjects  were  placed  in  the 
aircraft.  Instructor  pilot  subjects  were  instructed  to 
position  the  pilot  seat  at  the  point  in  which  they  normally 
fly  and  assume  their  normal  flight  posture.  Short  and  tall 
subjects  had  the  seat  positioned  appropriately  for  their 
statures.  The  seat  was  positioned  f ul 1 -up/ f ul 1 - f o rward  for 
short  subjects  and  f ul 1 -do wn/ f ul 1 - re  a rwa rd  for  tall  subjects. 
In  the  CH-47C,  the  seat  angle  adjustment  was  positioned  to 
minimize  seat  back  angle  for  short  subjects  and  maximize  seat 
back  angle  for  tall  subjects.  A  picture  was  taken  of  each 
subject  in  his/her  respective  seat  position.  In  all  aircraft, 
the  instructor  pilot  seat  position  was  noted  on  a  card  and 
placed  in  the  picture. 


Data  reduction 
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Data  was  obtained  from  pictures  of  each  subject  seated  in 
the  cockpit.  To  obtain  the  picture  scale  for  a  data 
collection  session,  the  grid  squares  on  the  cardboard  template 
in  the  20  cm  by  25  cm  positive  reference  transparency  were 
measured  and  their  size  in  relation  to  the  grid  squares  on  the 
template  was  calculated.  Once  the  scale  of  the  photographs 
for  that  session  was  determined,  the  top  of  the  glareshield 
and  the  top  of  the  windscreen,  which  had  been  referenced  on 
the  template,  could  be  located  on  the  reference  transparency. 
(These  points  were  not  always  obvious  in  the  photographs 
because  cockpit  structural  supports  often  blocked  them  from 
the  view  of  the  lens.)  The  positive  reference  transparency  was 
placed  over  the  positive  subject  prints  obtained  in  that 
session  and  the  DEP,  the  top  of  the  glareshield,  and  the  top 
of  the  windscreen  were  marked  on  the  prints. 

The  DEP  was  used  as  the  0,0  point  of  a  two-dimensional 
Cartesian  coordinate  system.  The  front  of  the  aircraft  always 
was  positive  "x"  and  the  roof  of  the  aircraft  always  was 
positive  "y."  Thus,  an  aviator's  eye  that  was  forward  and 
below  the  DEP  had  x,-y  coordinates.  By  obtaining  the  x,y 
coordinates  of  a  subject's  pupil  and  applying  the  scale  factor 
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of  Che  transparency  (which  was  Che  same  as  Che  scale  faccor  of 
the  phoeographs  since  Che  picture  of  the  template  and  the 
subjects  were  taken  with  the  camera  and  aircraft  in  the  same 
position),  the  SEP  relative  to  the  DEP  could  be  determined. 

Three  lines  were  drawn  on  each  subject's  photograph.  One 
line  was  drawn  through  the  subject's  pupil,  parallel  to  the 
abscissa  of  the  above  described  Cartesian  coordinate  system. 

A  second  line  was  drawn  through  the  subject's  pupil  and  the 
top  of  the  glareshield  directly  in  front  of  the  subject.  The 
third  line  was  drawn  through  the  subject's  pupil  and  the  top 
of  the  windscreen  directly  in  front  of  the  subject.  The  zero 
azimuth  upward  visual  angle  was  the  acute  angle  formed  by  the 
line  parallel  to  the  abscissa  and  the  line  to  the  top  of  the 
windscreen.  The  zero  azimuth  downward  visual  angle  was  the 
acute  angle  formed  by  Che  line  parallel  to  the  abscissa  and 
Che  line  to  the  top  of  the  glareshield. 

The  ability  of  an  instructor  pilot  to  sit  at  DEP  was 
determined  by  measuring  the  distance  between  SEP  and  DEP  and 
comparing  that  distance  to  the  available  seat  movement  range. 
For  example,  if  a  subject's  eye  position  was  3  cm  below  and 
3  cm  rearward  of  DEP  and  the  seat  could  be  moved  3  cm  up  and 
>  3  cm  forward  of  the  position  in  the  picture,  then  that 
subject  was  judged  to  be  capable  of  positioning  his  or  her 
eyes  at  DEP. 


RESULTS 


The  eye  position  data  obtained  from  instructor  pilots  in 
the  six  helicopters  surveyed  are  presented  in  Table  3. 


Table  3.  Instructor  pilots'  eye  positions 


Aircraft  X  axis  Y  axis* 

cm  cm 


n 

mean 

(s) 

min 

max 

mean 

(s) 

min 

max** 

TH-55A 

14 

3.8 

(3.5) 

-2.8 

11.9 

-5.4 

(2.7) 

-8.4 

o*** 

0H-58C 

37 

2.0 

(5.6) 

-10.5 

19.8 

-0.8 

(4.3) 

-9.3 

10 . 2 

UH-1H 

38 

3.3 

(6.1) 

-9 . 4 

14.4 

-9.6 

(4.9) 

-17.3 

4.3 

UH-60A 

9 

-6.  1 

(3.8) 

-11.0 

0.0*** 

-5.8 

(4.4) 

-11.0 

1  .  9 

CH-47C 

5 

-9.2 

(3.8) 

-13.1 

-3.3 

-6.  1 

(5.0) 

-11.5 

Q  **  * 

AH- 1  S 

24 

1 .  1 

(3.0) 

-6.3 

6.8 

-4.6 

(2.4) 

m 

• 

o 

fH 

1 

Q  air  ★  ★ 

*  +x  Forward  of  design  eye  position 
-x  Rearward  of  design  eye  position 
+y  Above  design  eye  position 
-y  Below  design  eye  position 

**  All  reported  distances  are  in  centimeters  from  design  eye 
position.  Although  the  UH-60A  is  the  only  one  of  the  aircraft 
designed  after  the  establishment  of  a  design  eye  position  by 
MIL -S TD- 1 33 3 A ,  the  design  eye  position  reference  point  can  be 
easily  found  in  any  aircraft  by  following  the  procedures 
outlined  in  MIL-STD-1 3 3 3 A . 

***  Eyes  at  the  x  or  y  coordinate  of  design  eye  position. 


Tables  4  and  5  contain  eye  position  data  of  short  and 
tall  personnel. 


Table  4.  Shore  subjects'  eye  positions 


Aircraft  X  axis  Y  axis* 

cm  cm 


n 

mean 

(s) 

min 

max 

mean 

(s) 

min 

max** 

TH-55A 

7 

5.5 

(2.9) 

1.9 

8.9 

-9.1 

(4.9) 

-16.5 

-1.3 

OH-58C 

7 

-6.3 

(0.9) 

-7.6 

-5.3 

-9.0 

(3.9) 

-15.  1 

-2.8 

UH-1H 

7 

6.1 

(4.5) 

-0.7 

14.0 

-7  .  7 

(2.9) 

-11.9 

-2.8 

UH-60 A 

5 

6.4 

(2.4) 

3.4 

9.8 

-6.6 

(2.7) 

-10.4 

-3  .  3 

CH-47C 

6 

0. 1 

(2.1) 

-2.2 

3.0 

-1.4 

(2.4) 

-4.4 

1  .  5 

AH- 1  S 

6 

-6.7 

(1.5) 

-7.8 

-3.9 

-4.9 

(3.4) 

-9.8 

-0 . 5 

*  +x 

Forward  of 

design 

eye 

position 

-x  Rearward  of  design  eye  position 
+y  Above  design  eye  position 
-y  Below  design  eye  position 

**  All  reported  distances  are  in  centimeters  from  design  eye 
position.  Although  the  UH-60A  is  the  only  one  of  the  aircraft 
designed  after  the  establishment  of  a  design  eye  position  by 
MIL-STD-1333A,  the  design  eye  position  reference  point  can  be 
easily  found  in  any  aircraft  by  following  the  procedures 
outlined  in  MIL-STD-1333A. 


Table  5.  Tall  subjects'  eye  positions 


Aircraft 

X 

axis 

Y  axis* 

cm 

cm 

n 

mean 

(8) 

min 

max 

mean 

(s) 

min 

max** 

TH-55A 

8 

7.5 

(2.9) 

2.5 

11.4 

1  .  5 

(2.6) 

-3.2 

5.  1 

OH-58C 

9 

-6.3 

(4.0) 

-11.3 

-0.6 

0.9 

(3.9) 

-6.9 

5.0 

UH-1H 

9 

-4.0 

(2.8) 

-7.0 

0.0*** 

-8.4 

(3.0) 

-14.0 

-4.9 

UH-60A 

8 

-6.8 

(3.6) 

-13.6 

-1.4 

-8.2 

(3.8) 

-14.3 

-4.8 

CH-47C 

8 

-16.2 

(2.0) 

-20.0 

-14. 1 

-14.9 

(4.0) 

-24.4 

-11.1 

AH- 1  S 

10 

-1.3 

(3.0) 

-6.9 

2.5 

-8.0 

(3.8) 

-14.8 

-3.4 

*  +x  Forward  of  design  eye  position 
-x  Rearward  of  design  eye  position 
+  y  Above  design  eye  position 
-y  Below  design  eye  position 

**  All  reported  distances  are  in  centimeters  from  design  eye 
position.  Although  the  UH-60A  is  the  only  one  of  the  aircraft 
designed  after  the  establishment  of  a  design  eye  position  by 
MIL-STD-1333A,  the  design  eye  position  reference  point  caa  be 
easily  found  in  any  aircraft  by  following  the  procedures 
outlined  in  MIL-STD-l 333 A. 


***  Eyes  at  the  x  or  y  coordinate  of  design  eye  position 


Table  6  contains  comparisons  of  aviators'  SEP  to  the  SEP 
of  an t hropome t rlcal 1 y  extreme  personnel.  Positive  x  values 
Indicate  that  a  group  of  subjects  had  a  SEP  forward  of 
aviators  while  positive  y  values  indicate  that  a  group  of 
subjects  had  a  higher  SEP  than  aviators. 


Table  6.  Instructor  pilot  eye  position  versus  eye  position 
of  an t h ropome t r ical 1 y  extreme  personnel 


Mean  difference  Mean  difference 

Aircraft  in  X  direction  (p)  in  Y  direction  (p) 

cm  cm 


short 

tall 

short 

tall 

TH-55A 

1.7 

1 

(  ns) 

3.7 

(**) 

-3.7 

(*) 

6.9 

( ***  ) 

OH-58C 

-8.3 

(  ***  ) 

-8.3 

(  ***  ) 

-8.2 

( *** ) 

1  .  7 

(  ns) 

CJH-1H 

2.8 

(  ns  ) 

-7.3 

(  *** ) 

1.9 

(ns) 

1 . 2 

(  ns) 

UH-60 A 

12.5 

(  ***  ) 

-0.7 

(  ns) 

-0.8 

( ns) 

-2.4 

(ns) 

CH-47C 

9.3 

(**) 

-7.0 

(**) 

4.7 

(*) 

-8.8 

(**) 

AH- 1  S 

-7.8 

(  ***  ) 

-2.4 

(*) 

-0.3 

(  ns) 

-3.4 

(*) 

1.  All  differences  in  centimeters 

2.  Results  of  one-way  t-test: 

ns ,  p  >  .05 
*,  p  <  .05 

**,  p  <  .01 

***,  p  <  .001 


Table  7  contains  information  regarding  the  ability  of 
each  subject  group  in  each  aircraft  to  meet  the  zero  azimuth, 
outs ide- the-cockpi t  upward  and  downward  visual  angle  criteria 
of  MIL-STD-850B.  Appendix  C  contains  the  actual  mean  upward 
and  downward  visual  angle  of  each  group  in  each  aircraft  as 
well  as  the  standard  deviation  of  the  mean  and  the  minimum  and 
maximum  visual  angle  observed  within  each  subject  group. 


Table  7.  Subjects  meeting  MIL-STD-850B  zero 
azimuth  visual  angle  criteria 


Downward  Upward 


Aircraf  t 

IP 

SS 

TS 

IP 

SS 

TS 

TH-55A 

all 

all 

all 

all 

al  1 

all 

0H-58C 

none 

none 

none 

36 

of  37 

all 

all 

UH-1H 

1  l 

of  38 

2  of  7 

none 

all 

all 

all 

UH-60 A 

1 

of  9 

4  of  5 

1  of  7 

7 

of  9 

all 

al  1 

CH-47C 

none 

3  of  6 

none 

all 

al  1 

al  1 

AH- IS 

2 

of  22 

none 

none 

al  1 

al  l 

al  1 

*  IP  ■  Instructor  pilot  (aviators) 
SS  ■  Short  stature 
TS  -  Tall  stature 


Chi  square  analyses  were  performed  on  the  data  in  Table  7 
to  determine  if  any  significant  differences  (p  <  .05)  existed 
between  the  percentage  of  people  in  the  groups  that  met  the 
criteria  of  MIL-STD-850B  in  each  aircraft.  The  analyses 
revealed  that  significant  differences  did  exist  for  downward 
visual  angle  in  the  UH-60A  and  the  CH-47C.  No  other 
significant  differences  were  found  for  downward  visual  angle 
in  the  other  aircraft,  and  no  significant  differences  were 
found  for  upward  visual  angle  in  any  aircraft. 

The  UH-60A  was  the  only  aircraft  in  this  survey  with  a 
cockpit  designed  around  a  Design  Eye  Point  (DEP).  In  this 
helicopter,  Instructor  pilots  sat  an  average  of  6.1  cm 
rearward  of  the  DEP  (p  <  .005)  and  5.8  cm  below  DEP 
(p  <  .005).  Seven  of  the  nine  instructor  pilots  surveyed 
could  reach  the  DEP  by  repositioning  their  seat. 


DISCUSSION 


Seated  eye  position  (SEP) 

In  all  six  aircraft  surveyed,  statistically  significant 
differences  (p  <  .05)  were  found  between  the  SEP  of  aviators 
and  the  SEP  of  an thropome t r ical 1 y  extreme  personnel. 

In  the  two  helicopters  without  adjustable  seats,  the 
TH-55A  and  the  OH-58C,  a  difference  in  SEP  in  the  y  axis  was 
expected  because  Instructor  pilots  for  both  aircraft  had  a 
seated  eye  height  that  was  significantly  lower  (p  <  .001)  than 
that  of  the  tall  subjects  and  significantly  higher  (p  <  .05) 
than  the  short  subjects.  In  the  TH-55A,  short  personnel  sat 
significantly  lower  than  aviators  (mean-3. 7cm,  p<.05)  and  tall 
personnel  sat  significantly  higher  (mean-6. 9cm,  pC.OOl). 
However,  in  the  OH-58C,  while  short  personnel  sat 
significantly  lower  (aean-8.2cm,  p<.001)  than  aviators,  tall 
personnel  did  not  sit  significantly  higher  (aean*1.7cn,  p>.05) 
than  aviators.  The  reason  for  the  discrepancy  between  this 
observation  and  what  was  expected  may  be  due  to  the  low 
overhead  canopy  in  the  OH-58C.  Five  of  the  nine  tall  subjects 
in  the  evaluation  were  forced  to  sit  with  their  heads  bent 
down  because  the  low  >verhead  canopy  prevented  them  from 
sitting  in  a  natural  position.  Thus,  if  tall  subjects  were 
able  to  sit  more  upright,  a  significant  difference  in  the  y 
axis  for  SEP  may  have  been  found  between  the  aviator  sample 
and  the  tall  subject  group. 

Aviators  in  the  0H-58C  were  found  to  have  an  x-axis  SEP 
significantly  forward  of  short  subjects  (mean-8. 3cm,  pC.OOl) 
and  tall  subjects  (mean-8. 3cm,  p<.001).  In  the  TH-55A, 
aviators  were  found  to  sit  significantly  rearward  of  tall 
personnel  (mean-3. 7cm,  p<.01).  No  significant  difference  was 
found  between  short  personnel  and  aviator  x-axis  SEP  in  the 
TH-55A  (mean-1. 7cm,  p>.05).  The  OH-58C  x-axis  results  might 
be  due  to  the  posture  assumed  by  the  instructor  pilots. 

During  data  collection,  they  were  told  to  assume  their  normal 
flight  poatures.  In  these  positions,  aviators  typically 
rounded  their  shoulders,  moved  their  upper  backs  slightly  away 
from  the  seat,  and  dropped  their  heads  about  2.5  cm.  This 
lowers  and  brings  forward  the  SEP. 

The  implications  of  these  results  for  aircraft  without 
adjustable  seats  are  dependent  on  the  aircraft  involved.  In 
aircraft  with  few  visual  obstructions  to  limit  upward  and 
downward  vision  outside  the  cockpit  ( e . g  ♦  ,  the  TH-55A),  SEP 
may  not  affect  flight  performance.  However,  in  aircraft  with 
larger  visual  obstructions  that  limit  ou t s ide- t he- cockp i t 


viewing  ( e  «g ♦ .  the  OH-58C  instrument  panel),  a  performance 
decrement  may  occur  due  to  reduced  outslde-the-cockplt  viewing 
angles . 


In  aircraft  with  adjustable  seats,  many  of  the 
differences  in  eye  position  may  be  accounted  for  by  the  seat 
position  of  short  and  tall  subjects.  All  short  subjects  had 
their  seat  positioned  in  the  full  up  and  full  forward  position 
and  all  tall  subjects  had  their  seat  positioned  in  the  full 
down  and  full  rearward  position.  Because  the  x-direction 
adjustment  of  a  seat  primarily  accounts  for  leg  and  arm  length 
and  not  eye  position,  the  eye  position  of  aviators  was 
expected  to  be  forward  of  that  of  tall  subjects  and  rearward 
of  that  of  short  subjects.  This  was  the  case  in  all  aircraft 
surveyed  that  had  a  pilot  seat  adjustable  in  the  x  direction 
(UH-1H,  UH-60A,  and  CH-47C).  The  mean  SEP  x  component  of 
aviators  was  rearward  of  the  mean  x  component  of  short 
subjects  and  forward  of  tall  subjects.  However,  the 
x-position  difference  was  not  significant  (p  >  .05)  between 
short  subjects  and  aviators  in  the  UH-1H  and  tall  subjects  and 
aviators  in  the  UH-60A. 

The  effects  of  adjusting  seats  vertically  for  anthro- 
pometrically  extreme  subjects  were  not  as  predictable  as  those 
resulting  from  horizontal  seat  adjustments  since  vertical 
adjustment  primarily  accounts  for  seated  eye  height.  The 
highest  seat  position  was  designed  to  permit  a  5th  percentile 
person  to  have  the  same  SEP  y  coordinate  as  a  50th  percentile 
person  with  the  seat  in  the  middle  of  its  vertical  adjustment 
range.  The  lowest  seat  position  was  designed  to  permit  a  95th 
percentile  person  to  have  the  same  SEP  y  coordinate  as  a  50th 
percentile  person  with  the  seat  in  the  middle  of  its  vertical 
adjustment  range.  Consequently,  a  significant  difference  in 
SEP  may  not  be  found  between  personnel  in  the  5th  to  95th 
percentile  range  for  male  stature.  Since  our  sample  included 
personnel  outside  the  5th  to  95th  percentile  range,  the  range 
for  which  most  military  items  are  designed,  the  mean  SEP  of 
the  short  subjects  would  be  a  little  lower  than  that  of  a  5th 
percentile  person  with  the  seat  full  up.  Likewise,  the  mean 
SEP  of  the  tall  subjects  would  be  a  little  higher  than  that  of 
a  95th  percentile  subject  with  the  seat  full  down.  Thus,  some 
differences  in  y-axis  SEP  were  possible  between  aviators  and 
anthropome t rical 1 y  extreme  personnel. 

In  the  UH-1H  and  the  UH-60A,  no  significant  differences 
were  observed  between  aviator  vertical  eye  position  and  the 
vertical  eye  position  of  either  short  or  tall  personnel. 
However,  in  the  CH-47C,  which  has  a  seat  angle  adjustment  that 
affects  seat  height,  significant  differences  were  observed. 


With  the  seat  angle  adjustment  positioned  to  minimize  seat 
back  angle  for  short  subjects,  which  also  raises  th«  seat, 
short  subjects  sat  4.7  cm  higher  than  aviators  (p  <  .05). 
Because  the  mean  seated  eye  height  of  short  subjects  was  only 
2.6  cm  lower  than  the  mean  seated  eye  height  of  instructor 
pilots,  this  indicates  that  aviators  do  not  raise  the  seat  as 
high  as  one  may  expect  or  the  seat  adjustment  made  for  short 
subjects  (full  up  vertically,  minimum  seat  back  angle)  may 
have  overcompensated  for  their  low  seated  eye  height.  With 
the  tilt  adjustment  positioned  to  maximize  seat  back  angle, 
which  also  lowers  the  seat,  tall  subjects  sat  8.8  cm  lower 
than  aviators  (p  <  .01).  Once  again,  the  seat  adjustments 
made  for  an  thro  pome t r leal  1 y  extreme  subjects  (full  down 
vertically  and  maximum  seat  back  angle  for  tall  subjects)  may 
have  overcompensated  for  their  seated  eye  height. 

Unlike  any  of  the  other  aircraft  surveyed,  the  AH-1S  has 
a  pilot's  seat  that  only  adjusts  in  the  vertical  direction. 
Short  subjects  sat  an  average  of  7.8  cm  rearward  of  aviators 
(p  <  .001)  and  tall  subjects  sat  an  average  of  2.4  cm  rearward 
of  aviators  (p  <  .05).  As  in  the  TH-55A  and  the  OH-58C 
aircraft  without  horizontally  adjustable  seats,  aviator  eye 
position  may  be  forward  of  short  and  tall  subjects'  eye 
positions  because  of  the  flying  posture  normally  assumed  by 
aviators.  In  the  y  axis,  no  significant  difference  was 
observed  between  the  vertical  eye  position  of  short  subjects 
and  aviators. 

However,  tall  subjects  had  vertical  eye  positions  that, 
on  the  average,  were  3.4  cm  below  that  of  aviators  (p  <  .05). 
This  may  be  due  to  aviators  positioning  their  seats  high  so 
chat  they  can  view  the  head-up  display  in  the  AH-1S.  This  is 
supported  by  the  data  in  Table  3.  Of  the  four  aircraft  with 
vertically  adjustable  seats  that  were  surveyed,  the  standard 
deviation  of  aviator  eye  position  in  the  y  axis  was  smallest 
in  the  AH-1S  (2.4  cm).  Nonetheless,  the  vertical  seat 
adjustment  range  in  the  AH-1S  would  permit  tall  personnel  to 
sit  at  the  same  position  as  the  aviators  surveyed. 

Seated  eye  position  (SEP)  versus  design  eye  position  (DEP) 

The  only  aircraft  surveyed  that  was  designed  after  the 
establishment  of  a  DEP  standard  is  the  UH-60A.  A  t-test 
showed  that  instructor  aviators  sat  significantly  rearward 
(mean-6.1,  p<.005)  and  significantly  below  (mean-5.8,  p<.005) 
DEP.  Available  seat  adjustment  range  was  examined  to 
determine  if  the  instructor  pilots  could  sit  at  DEP.  Seven  of 


the  nine  aviators  surveyed  could  reposition  their  seats  it  tv 
x  and  y  directions  such  that  their  eyes  would  be  at  DEP. 

The  consistency  with  which  UH-60A  aviators  sat  rearward 
and  below  DEP  indicates  that  they  prefer  to  fly  with  their 
eyes  at  a  position  other  than  DEP.  Thus,  sitting  at  DEP  In 
the  UH-60A  may  not  be  essential  to  perform  the  tasks  required 
of  a  UH-60A  aviator.  Moroney  and  Hughes  (1983)  suggest  that 
some  aircraft  cannot  be  safely  operated  with  an  aviator's  eyes 
at  the  DEP.  Whether  or  not  this  is  true  in  the  UH-60A  is  not 
known.  However,  other  factors  in  addition  to  satisfactory 
vision  determine  where  an  aviator  positions  the  seat  and 
therefore  his  or  her  eyes.  These  include  the  comfort  with 
which  the  cyclic  and  collective  can  be  handled  and  the 
aviator's  ability  to  make  necessary  reaches. 


Viewing  angles 

Meeting  the  minimum  zero  azimuth  upward  viewing  angles  of 
MIL-STD-850B  was  not  a  problem  for  most  subjects  in  the 
aircraft  surveyed.  However,  subjects  often  did  not  meet  the 
outside- the-cockpi t  zero  azimuth  downward  viewing  angle  given 
in  MIL-STD-850B .  No  one  in  the  three  groups  of  subjects  met 
the  25  degree  downward  angle  criteria  in  the  OH-58C.  Of 
particular  Interest  in  the  other  aircraft  was  the  lack  of 
compliance  with  the  standard  by  aviators.  A  majority  of  the 
aviators  did  not  meet  the  downward  visual  angle  requirement  in 
the  UH-1H,  UH-60A,  and  the  AH-IS.  Consequently,  one  must  ask 
about  the  importance  of  the  criteria  outlined  in  MIL-STD-8 50 B . 
However,  one  must  keep  in  mind  that  the  downward  visual  angle 
of  an  aviator  will  change  while  the  aircraft  is  in  flight. 

For  example,  one  would  find  that  the  downward  visual  angle  of 
an  aviator  in  the  OH-58C  increases  by  several  degrees  once  the 
aircraft  is  in  flight  since  it  is  flown  with  the  nose  low. 
Thus,  if  the  visual  angles  outlined  in  MIL-STD-850B  are 
critical  for  performing  the  mission  of  a  specific  type  of 
aircraft,  the  visual  angles  of  aviators  should  be  examined 
with  the  aircraft  in  a  flight  attitude  to  determine  actual 
f ield8-of-view. 


CONCLUSIONS 


1.  In  aircraft  without  adjustable  seats,  the  eye  position  of 
personnel  in  the  1st  to  5th  percentile  for  male  stature  was 
significantly  lower  than  that  of  the  average  aviator.  This 
meant  that  these  personnel  had  a  decreased  downward 
outside-the-cockpi t  f iel d-of- view  in  these  aircraft. 

2.  In  aircraft  without  adjustable  seats,  the  eye  position  of 
personnel  in  the  95th  to  99th  percentile  for  male  stature  was 
significantly  higher  than  that  of  the  average  aviator  when 
adequate  head  room  was  available.  This  meant  that  these 
personnel  had  an  Increased  downward  ou t s lde- the-cockp 1 t 

f le 1 d-of- view  in  these  aircraft. 

3.  Seated  eye  position  (SEP)  is  not  likely  to  affect  flight 
performance  in  aircraft  with  few  visual  obstructions  to  limit 
upward  and  downward  vision  outside  the  cockpit  ( e .g . ,  TH-55A). 
In  aircraft  that  have  large  visual  obstructions  limiting 
outside-the-cockpit  viewing  ( e . g . ,  OH-58C  instrument 
panel/glare  shield),  further  research  is  needed  to  determine 
the  effects,  if  any,  of  reduced  downward  or  upward  fields  of 
view. 

4.  In  the  AH-1S  seats  (which  only  adjust  in  the  vertical 
direction),  the  aviators  and  the  anthropome t r ical 1 y  extreme 
individuals  all  positioned  their  eyes  at  about  the  same 
vertical  position,  presumably  because  of  the  limited  eye 
positions  from  which  the  heads-up  display  can  be  viewed. 

Since  all  subjects  could  obtain  the  same  eye  position  as  the 
aviators  in  this  aircraft,  their  flight  performance  due  to  SEP 
should  not  be  different  from  that  of  current  AH-1S  aviators. 

5.  In  the  AH-IS,  the  downward  f ield-of-view  of  all  personnel 
surveyed  did  not  meet  the  requirements  cited  In  MIL-STD-850B . 

6.  In  the  UH-1H  and  the  UH-60  (which  do  not  have  heads-up 
displays,  but  do  have  seats  that  adjust  vertically  and 
horizontally)  no  significant  differences  in  vertical  eye 
position  ( 1 . e . .  eye  height)  were  observed  between  aviators  and 
a n t h ropome t r i cal  1 y  extreme  personnel. 

7.  The  horizontal  eye  position  of  short  personnel  in  the 
UH-60A  was  significantly  forward  of  the  average  aviator's  eye 
position.  This  made  their  outside-the-cockpit  f  ie 1 d-of- view 
larger  than  that  of  the  average  aviator. 

8.  The  horizontal  eye  position  of  tall  personnel  in  the 
UH-1H  was  significantly  to  the  rear  of  the  average  aviator's 


position  because  tall  people  tended  to  horizontally  position 
the  seat  further  back  to  compensate  for  their  longer-than- 
average  extremities.  As  a  result  their  out s ide- the-cockpi t 
f leld-of- view  was  reduced  by  the  instrument  panel  and  overhead 
visual  obstructions.  This  is  a  potential  problem  for  tall 
personnel  whenever  seats  are  horizontally  adjustable. 

9.  In  the  UH-1H  and  the  UH-60A,  the  vertical  seat  position 
for  tall  personnel  was  changed  easily  without  any  reach 
compromises  so  that  their  vertical  eye  position  was  the  same 
as  that  of  the  average  aviator. 

10.  In  the  CH-47  (which  has  a  seat-angle  adjustment  in 
addition  to  a  vertical  and  horizontal  adjustment),  differences 
in  vertical  eye  position  were  observed  between  the  average 
aviator  and  an t h ropome t r leal  1 y  extreme  personnel.  However, 
the  small  number  of  aviators  surveyed  in  this  aircraft  and 
their  relative  shortness  should  be  taken  into  consideration  in 
interpreting  these  results. 

11.  Tall  personnel  in  the  CH-47  were  found  to  have  a  SEP 
below  and  to  the  rear  of  the  average  aviator's  SEP  in  that 
aircraft.  As  in  the  UH-1H  (which  also  has  horizontally 
adjustable  seats),  the  downward  ou t s ide- the-cockp i t 

f ie Id-of-view  of  tall  personnel  was  reduced  in  the  CH-47C,  but 
to  a  greater  degree. 

12.  Short  subjects  in  the  CH-47  had  a  mean  SEP  above  and 
forward  of  the  average  aviator's  SEP.  Their  outside-the- 
cockpit  f ield-of-view  was  greater  than  that  of  the  average 
aviator  . 

13.  In  the  UH-1H  and  the  AH-1S,  short  personnel  may  have 
pedal  control  reach  problems  when  they  position  the  seat  in 
the  full  up  position.  A  study  by  Schopper  and  Cote  (1984) 
revealed  that  some  short  personnel  may  not  be  able  to  input 
full  pedal  in  the  AH-1S  when  the  seat  is  adjusted  so  that  they 
can  view  the  heads-up  display. 

14.  What  effects  reduced  f i el ds-of- view  have  on  flight 
performance  are  unknown.  Only  field  performance  studies  in 
which  aviator's  eyes  are  positioned  in  the  same  SEP's  as  those 
of  an t h ro pome t r ica l 1 y  extreme  personnel  could  determine  those 
effects. 
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Table  A-l.  Anthropometric  profile  of  short  subjects 


Sub j e  c  t 

Stature 

cm 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 

cm 

Functional 

a  rm 

reach 

cm 

1 

153.4 

71.7 

95.6 

68.  1 

2 

152.5 

70.9 

95.5 

67 . 4 

3 

155.9 

75.6 

92.0 

68.0 

4 

146.9 

69 . 7 

90.6 

71.8 

5 

162.5 

80. 1 

95.7 

72.3 

6 

161.1 

76.9 

103.8 

76.  1 

7 

156.4 

72.8 

97.8 

72.0 

8 

158.3 

73.2 

103.4 

79.3 

Table  A-2.  Anthropometric  profile  of  tall  subjects 


Subj  ec  t 

Stature 

cm 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Functional 

arm 

reach 

cm 

9 

182.3 

88.7 

111.8 

82.  1 

10 

184.  1 

79.5 

125.1 

83 . 6 

1  1 

183.9 

85.8 

112.9 

81.0 

12 

186.3 

86.4 

112.9 

82 . 2 

13 

186.5 

88.2 

114.7 

81.0 

14 

189.0 

85.5 

122.8 

87 . 7 

15 

189.5 

85.7 

123.5 

87  .  1 

16 

192.5 

86.3 

126.5 

89 . 5 

17 

192.4 

91.5 

124.1 

84 . 2 

18 

194.5 

87 . 3 

122.5 

92  .  1 

i 

1 

I 


22 


trie  summary  statistics 
instructor  pilots 


Table  A-4.  Anthropometric  summary  statistics 
of  OH-58C  instructor  pilots 


Seated 

eye 


Buttock 
to  heel 


Functional 

arm 


Stature 

cm 

height 

cm 

length 

cm 

reach 

cm 

n-37 

mean 

182.7 

78.6 

116.8 

81  .6 

s 

7.2 

3.4 

6 . 0 

3.4 

min 

167 . 6 

72.2 

105.2 

74.3 

max 

199.4 

85.0 

128.8 

9  1.4 

Seated 

Buttock 

Functional  Jj 

eye 

to  heel 

arm  y 

Stature 

height 

length 

reach  jJ 

era 

cm 

cm 

cm  <0 

— 

— 

n«  1  4 

T1 

mean 

179.7 

77.8 

112.7 

82.2 

s 

4.7 

3.5 

2.5 

5.2  :< 

min 

168.6 

72.8 

108.6 

69.9  * 

max 

186.1 

83.8 

117.6 

88.9  £ 

Table  A-5.  Anthropometric  summary  statistics 
of  UH-1H  instructor  pilots 


Stature 

cm 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Func  t ional 

arm 

reach 

cm 

n-38 

mean 

182.6 

78.9 

116.1 

82 . 2 

s 

8.1 

3.5 

6.4 

4.3 

min 

167.6 

72.0 

103.4 

68.6 

max 

198.8 

85.2 

130.6 

90.8 

Table  A-6 .  Anthropometric  summary  statistics 
of  UH-60A  instructor  pilots 


Stature 

cm 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Functional 

Arm 

reach 

cm 

n=*5 

mean 

177.1 

77.1 

111.3 

85.2 

s 

6.2 

2.2 

5.4 

3.  1 

min 

171.5 

74.2 

104.4 

82.6 

max 

186.7 

80.2 

118.5 

90.2 

Table  A-8.  An  thro  pone t rlc  summary  statistics 
of  AH- 1 S  instructor  pilots 


Stature 

cm 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Functional 

arm 

reach 

cm 

n»24 

mean 

184.3 

79.5 

118.2 

84.2 

s 

5.6 

2 . 4 

5.5 

3.4 

min 

175.3 

74.7 

107 . 2 

79 . 4 

max 

195.6 

85.5 

129.6 

92.7 

Table  A-9  .  Anthropometric  summary  profile  of  short 
subject  group  surveyed  in  each  aircraft* 


Aircraf  t 

a 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Functional 

a  rra 

reach 

cm 

TH-55A 

7 

74.2 

97.0 

72.4 

0H-58C 

7 

74.2 

97.0 

72 . 4 

UH-1H 

7 

74.5 

97.7 

71.9 

UH-60A 

5 

72.4 

95.9 

71.7 

CH-47C 

6 

74.5 

95.9 

71.4 

AH- IS 

6 

73.2 

97.2 

72.4 

Table  A-10.  Anthropometric  summary  profile  of  tall 

subject  group  surveyed  in  each  aircraft* 


Aircraft 

n 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Functional 

arm 

reach 

cm 

TH-55A 

8 

87.2 

119.6 

85 . 7 

OH-58C 

9 

86.2 

120.6 

85.4 

UH-1H 

9 

85.9 

119.2 

85.2 

UH-60 A 

8 

85.6 

120.1 

85 . 5 

CH-47C 

8 

86.6 

120.1 

85.  1 

AH- 1  S 

10 

86.5 

119.7 

85  .  1 

*A11  numbers  are  mean  values.  Due  to 
scheduling  constraints  with  the  anthro- 
pometrically  extreme  subject  pool,  not 
all  subjects  were  available  when  each 
aircraft  was  surveyed. 


APPENDIX  B 


Anthropometric  comparison  of  subject  groups 


Table  B-l.  Anthropometric  comparison  of  instructor 
pilots  and  short  subjects 


Aircraft 

Seated 

eye 

height 

cm 

Buttock 
to  heel 
length 
cm 

Func  t ional 

a  rm 

reach 

cm 

TH-55A 

3 . 6  ( *  ) 

1 5 . 7 ( ***  ) 

9. 8(***) 

OH-58C 

4 . 4  (  **  ) 

19.81***) 

9.2(***) 

UH-1H 

4 . 4 ( ** ) 

18. 4(***) 

10. 3(***) 

UH-60A 

7 . 9(*** ) 

2  1 . 4 ( *** ) 

9 . 7  ( *  *  ) 

CH-47C 

2 . 6 ( ns  ) 

15.7f***) 

13.81***) 

AH-  1  S 

6 . 3  (  * **  ) 

21. 0(***) 

1 1 . 8(***  ) 

1.  The  numbers  in  this  table  are  differences 
between  short  subject  and  instructor  pilot  group 
means.  Each  difference  was  obtained  by 
subtracting  a  short  subject  group  mean  for  an 
anthropometric  measure  from  an  instructor  pilot 
group  mean. 

2.  Results  of  one-way  t-test: 

ns,  p  >  .05 
* ,  p  <  .05 
**  ,  P  <  .01 

***,  p  <  .001 
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APPENDIX  C 


VISUAL  ANGLE  DATA 


Table  C-l.  Visual  angle  summary  statistics  for  the  0H-5SC 


Upward  Downward 


Subj  ec  t 
group 

n 

mean 

cm 

(  s ) 

mi  n 

max 

mean 

cm 

(3) 

min 

max 

Pilot 

37 

41.9 

(10.0) 

15.5 

65.0 

17.2 

(3.5) 

8.0 

24.0 

Short 

7 

53.6 

(4.3) 

46.0 

59.0 

11.8 

(3.3) 

6.0 

16.5 

Tal  1 

9 

40.6 

(5.8) 

33.0 

51.5 

19.6 

(2.5) 

15.0 

24.0 

Note:  No  visual  angle  data  is  provided  for  the  TH-55A  because 
upward  and  downward  vision  is  unrestricted  in  this  aircraft. 


Table  C-2.  Visual  angle  summary  statistics  for  the  UH-1H 


Upward  Downward 


Subject 

group 

n 

mean 

(  S ) 

cm 

min 

ma  x 

mean 

(  s ) 

era 

min 

max 

Pilot 

38 

45.  1 

(8.2) 

29.0 

60.5 

21.6 

(5.1) 

12.0 

33.0 

Short 

7 

44 . 9 

(5.6) 

38.0 

54.0 

23.7 

(4.5) 

18.5 

30.0 

Tal  1 

9 

00 

• 

(6.2) 

22.0 

43.0 

18.8 

(2.6) 

15.0 

23.0 

Table  C-3.  Visual  angle  summary  statistics  for  the  UH-60A 


Upward  Downward 


Subj  ec  t 
group 

n 

mean 

(a) 

cm 

min 

max 

mean 

(s) 

cm 

min 

max 

Pilot 

9 

26.7 

(7.9) 

13.5 

39.0 

18.7 

(4.7) 

14.0 

28.0 

Short 

5 

35.6 

(6.7) 

26.0 

43.0 

25.9 

(3.3) 

21.0 

30.0 

Tall 

8 

25 . 9 

(6.8) 

16.0 

36.0 

17.0 

(3.7) 

11.0 

22.0 

Table  C-4.  Visual  angle  summary  statistics  for  the  CH-47C 


Upward  Downward 

Subject  cm  cm 


group 

n 

mean 

(s) 

min 

max 

mean 

(s) 

min 

max 

Pilot 

5 

44.2 

(3.9) 

39.0 

49.0 

16.4 

(4.7) 

11.0 

23.0 

Short 

6 

52.2 

(1.0) 

51.0 

53.0 

24.6 

(3.4) 

20.0 

29.0 

Tal  1 

8 

46.9 

(3.7) 

42.0 

55.0 

6.9 

(3.7) 

-2.0* 

10.0 

*Eyes 

be  low 

glare 

shield 

Table  C-5.  Visual  angle  summary  statistics  for  the  AH-1S 


Upward  Downward 


Subject 

group 

n 

cm 

mean  (s)  min  max 

mean 

cm 

(  s  ) 

min 

max 

Pilot 

24 

NO  UPWARD 

18.5 

(5.3) 

0.0* 

25.0 

Short 

6 

VISUAL 

8.5 

(6.4) 

-3.0** 

14.0 

Tall 

10 

RESTRICTIONS 

7.0 

(4.9) 

-2.0** 

13.0 

*Eye  s 
**Eyes 

level 

below 

with  glare  shield 
glare  shield 
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ATTN:  Reports  Processing 

Aberdeen  Proving  Ground,  MD 
21005-5017 

Commander 

US  Army  Test  &  Evaluation  Command 
ATTN:  AMSTE-AD-H 

Aberdeen  Proving  Ground,  MD 
21005-5055 

US  Army  Ordnance  Center 
&  School  Library 
Bldg  3071 

Aberdeen  Proving  Ground,  MD 
21005-5201 

Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 

Aberdeen  Proving  Ground,  MD 
21005-5066 


US  Army  Environmental  Hygiene 
Agency  Library 
Bldg  E2100 

Aberdeen  Proving  Ground,  MD  21010 
Commander 

US  Army  Medical  Research  Institute 
of  Chemical  Defense 
ATTN:  SGRD-UV-AO 

Aberdeen  Proving  Ground,  MD 
21010-5425 

Technical  Library 

Chemical  Research  &  Development  Cente 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

US  Army  Medical  Research 
&  Development  Command 
ATTN:  SGRD-RMS  (Mrs.  Madigan) 

Fort  Detrick,  Frederick,  MD 
21701-5012 

Commander 

US  Army  Medical  Research  Institute 
of  Infectious  Diseases 
Fort  Detrick,  Frederick,  MD  21701 

Commander 

US  Army  Medical  Bioengineering 

Research  &  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick,  MD  21701 

Dr.  R.  Newburgh 

Director,  Biological  Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  VA  22314 

Commander 

US  Army  Materiel  Command 
ATTN:  AMCDE-S  ( CPT  Broadwater) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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US  Army  Foreign  Science  and 
Technology  Center 
ATTN :  MT2 
220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Commandant 

US  Army  Aviation  Logistics  School 

ATTN:  ATSQ-TDN 

Fort  Eustis,  VA  23604 

Director,  Applied  Technology  Lab 

USARTL-AVSCOM 

ATTN:  Library,  Bldg  401 

Fort  Eustis,  VA  23604 

US  Army  Training  and 
Doctrine  Command 
ATTN:  ATCD-ZX 

Fort  Monroe,  VA  23651 

US  Army  Training  and 
Doctrine  Command 
ATTN:  Surgeon 

Fort  Monroe,  VA  23651-5000 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Aviation  Medicine  Clinic 

TMC  7*22,  SAAF 

Fort  Bragg,  BC  28305 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

US  Air  Force  Armament  Development 
and  Test  Center 

Eglin  Air  Force  Base,  FL  32542 

Command  Surgeon 
US  Central  Command 
MacDill  AFB ,  FL  33608 

US  Army  Missil-  Command 
Redstone  Scientific  Information  Center 
ATTN:  Documents  Section 

Redstone  Arsenal,  AL  35898-5241 


Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 
Commander 

US  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Aviation  Center  &  Fort  Rucker 

ATTN:  ATZQ-CDR 

Fort  Rucker,  AL  36362 

Directorate  of  Combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
Chie  f 

Army  Research  Institute  Field  Unit 
Fort  Rucker,  AL  36362 

Chief 

Human  Engineering  Labs  Field  Unit 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Safety  Center 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Aviation  Center  &  Fort  Rucker 
ATTN:  ATZQ-T-ATL 
Fort  Rucker,  AL  36362 

US  Army  Aircraft  Development 
Test  Activity 
ATTN:  STE3G-MP-QA 

Cairns  AAF ,  Ft  Rucker,  AL  36362 


President 

US  Army  Aviation  Board 
Cairns  AAF,  Ft  Rucker,  AL 


36362 


US  Army  Research  &  Technology 
Laboratories  (AVSCOM) 
Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 


AFAMRL/HEX 

Wright-Patterson  AFB,  OH  45433 

OS  Air  Force  Institute  of  Technology 
(AFIT/LDEE) 

Bldg  640,  Area  B 

Wrighc -Patterson  AFB,  OH  45433 

University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Systems  Research 
ATTN:  R.G.  Snyder,  Director 

Ann  Arbor,  MI  48109 

Henry  L.  Taylor 

Director,  Institute  of  Aviation 
Univ  of  Illinois  -  Willard  Airport 
Savoy,  IL  61874 

John  A.  Dellinger,  MS,  ATP 

Univ  of  Illinois  -  Willard  Airport 

Savoy,  IL  61874 

Commander 

US  Array  Aviation  Systems  Command 
ATTN:  DRSAV-WS 

4300  Goodfellow  Blvd 
St  Louis,  MO  63120-1798 

Project  Officer 

Aviation  Life  Support  Equipment 
ATTN:  AMCPO-ALSE 

4300  Goodfellow  Blvd 
St  Louis,  MO  63120-1798 

Commander 

US  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  ( MA J  Lacy) 

Bldg  105,  4300  Goodfellow  31vd 
St  Louis,  MO  63120 

Commander 

US  Army  Aviation  Systems  Command 
ATTN:  DRSAV-ED 

4300  Goodfellow  Blvd 
3 1  Lou  Is,  MO  63120 

US  Army  Aviation  Systems  Command 
Library  &  Info  Center  Branch 
ATTN:  DRSAV-DIL 

4300  Goodfellow  31vd 
St  Louis ,  MO  63120 


Commanding  Officer 

Naval  Biodynamics  Laboratory 

P.O.  Box  24907 

New  Orleans,  LA  70189 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  6401 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

US  Army  Field  Artillery  School 
ATTN:  Library 

Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 

Commander 

US  Army  Academy  of  Health  Sciences 

ATTN:  Library 

Fort  Sam  Houston,  TX  78234 

Commander 

US  Army  Health  Services  Command 
ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 
Commander 

US  Army  Institute  of  Surgical  Resea 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

Director  of  Professional  Services 
AFMSC/GSP 

Brooks  Air  Force  Base,  TX  73235 

US  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAM/TSK* A 
Brooks  Air  Force  Base,  TX  78235 

US  Army  Dugwav  Proving  Ground 
Technical  Library 
3 Idg  5330 
Dugwav,  UT  34022 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM ,  USC 

Los  Angeles,  CA  90089-0021 


US  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  A Z  85364 

US  Army  White  Sands  Missile  Range 

Technical  Library  Division 

White  Sands  Missile  Range,  NM  88002 

US  Air  Force  Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  Air  Force  Base,  CA  93523 

US  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Lib)  Stop  217 

Edwards  AFB ,  CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

US  Army  Combat  Developments 
Experimental  Center 
Technical  Information  Center 
Bldg  2925. 

Fort  Ord,  CA  93941-5000 

Aeromechanics  Laboratory 
US  Army  Research 

&  Technical  Laboratories 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Commander 

Letterman  Army  Institute  of  Research 
ATTN:  Medical  Research  Library 

Presidio  of  San  Francisco,  CA  94129 

Sixth  US  Army 
ATTN :  SMA 

Presidio  of  San  Francisco,  CA  94129 
Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 


Canadian  Army  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 


Col  G.  Stebbing 
USDAO-AMLO,  US  Embassy 
Box  36 

FPO  New  York  09510 

Staff  Officer,  Aerospace  Medicine 
RAF  Staff,  British  Embassy 
3100  Massachusetts  Avenue,  NW 
Washington,  DC  20008 

Canadian  Society  of  Aviation  Medicine 
c/o  Academy  of  Medicine,  Toronto 
ATTN:  Ms.  Carmen  King 
288  Bloor  Street  West 
Toronto,  Ontario  M55  1V8 

Canadian  Airline  Pilot's  Association 
MAJ  J.  Soutendam  (Retired) 

1300  Steeles  Avenue  East 
Brampton,  Ontario,  L6T  1A2 

Canadian  Forces  Medical  Liaison  Officer 
Canadian  Defence  Liaison  Staff 
2450  Massachusetts  Avenue,  NW 
Washington,  DC  20008 

Commanding  Officer 

404  Squadron  CFB  Greenwood 

Greenwood,  Nova  Scotia  BOP  1N0 

Officer  Commanding 
School  of  Operational 
&  Aerospace  Medicine 
DCIEM,  P.O.  Box  2000 
1133  Sheppard  Avenue  West 
Downsview,  Ontario  M3M  3B9 

National  Defence  Headquarters 
101  Colonel  By  Drive 
ATTN:  DPM 

Ottowa,  Ontario  KlA  0K2 

Commanding  Officer 
Headquarters,  RAAF  Base 
POINT  COOK  VIC  3029 
Australia 


Netherlands  Army  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 

British  Array  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 

French  Army  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 
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